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ABSTRACT 


i' 

Ihe  tensile,  compressive,  sher>r  md  bearing  properties 

i\;<AA 

have  -been  determined  for  all  of  the  2014- 1652,  2024-T852, 
7075-17352  pnd  7079-T652  hand  forgings  being  investigated.  Ihe 
property  values  end  the  ratios  praong  these  properties  are 
reported.  All  of  the  tensile  end  compressive  stress-strain 
tests,  including  modulus  determinations,  hfwo  been  made.  Ihe 
results  of  the  individual  notch-bend  fracture  toughness  tests 
are  reported.  All  of  the  remaining  axial-stress  fatigue  tests 
of  smooth  specimens  were  completed.  ^  ^ 

V 

Ihe  current  status  of  the  stress-corrosion  tests  is 
presented.  Performance  of  the  2024- T852  and  7075-17352  forgings 

Urtu~h»s,  in  general,  been-  typical  of  that  expected  for  these  alloy- 

* 

temper  combinations.  Accelerated  exfoliation  tests  of  specimens 
from  the  6x24-in.  hand  forgings  displayed  excellent  resistance 
to  exfoliation,  and  there  was  no  significant  difference  between 
alloys.  The  fatigue  crack  propagation  tests  of  the  2014-1652 
specimens  have  been  completed.  Ihe  effects  of  notch  geometry, 
specimen  length  and  change  of  the  load  during  testing  are 
reported. 
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Fifth  Taohnical  Jfenagement  Report 

MECHANICAL  PROPERTIES,  INCLUDING  FRACTURE  TOUGHNESS  AND  FATIGUE, 
CORROSION  CHARACTERISTICS  AND  FATIGUE- CRACK- PROPAGATION  RATES  OF 
_ STRESS-  RELIEVED  ALUMINUM  ALLOY  HAND  FORGINGS _ 

I.  Introduction. 

The  design  mechanical  properties,  fracture  toughness, 
corrosion  characteristics  and  fatigue-crack  propagation  rates 
ere  four  of  the  most  important  factors  involved  in  the  selection 
and  efficient  design  of  aircraft  structures.  Such  data  are 
needed  for  aluminum  alloy  hand  forgings  for  several  reasons  : 

(1)  much  of  the  published  design  data  las  become  obsolete  by  a 
change  in  the  basis  of  specifying  minimum  properties,  from  one 
in  which  the  length,  width  and  -.hickness  were  considered,  to 
one  where  only  the  thickness  is  involved;  (2)  the  development 
of  a  technique  of  stress  relieval  by  cold  work  in  compression 
has  resulted  in  relatively  new  tempers  (TX52)  for  many  of  the 
alloys;  and  (3)  there  have  been  some  significant  problems  with 
forged  parts  in  recent  years  that  were  related  to  fracture  end 
stress-corrosion  characteristics . 

Accordingly,  the  properties  of  hand  forgings  of 
several  aluminum  alloys  currently  being  used  in  aircraft 
structures  are  being  determined  under  this  contract .  'The  tests 
are  intended  to  provide  statistically  reliable  data  for  deriv¬ 
ing  design  mechanical  properties  for  MIL-HDBK-5A,  Including 
at reBs- strain  end  compressive  tangent-modulus  curves.  In 


addition,  dele  concerning  the  fracture  toughness,  axial-stress 
fatigue,  siness-corrosion,  exfoliation  and  fatigue -crack 
propagation  rates  ere  being  obtained. 

Ibis  Fifth  Technical  Management  Report  summarizes  the 
results  cf  tests  carried  out  during  the  fifth  quarter  of  the 
contract,  and  the  general  status  of  the  program  at  this  time. 

II.  Material. 

As  previously  reported  in  the  Fourth  Technical  Manage¬ 
ment  Report,  ail  of  the  hand  forging  samples  to  be  investigated 
have  been  received.  Ihey  meet  the  applicable  composition  and 
tensile  property  requirements  specified  in  Federal  Specification 
Q0-/i-3o7g  ana  the  Aluminum  Association,  "Aluminum  Stenderds  and 
Data',’  April  196S. 

III.  Procedure. 

ihe  specimens  and  test  procedures  being  used  ere 
essentially  the  seme  as  described  in  the  First  Technical 
Management  Report,  deted  May  15,  1960. 

IV.  Progress  Hiring  Quarter. 

A.  Machanlcsl  Properties 
A, 1 ,  Tensile,  Compressive,  Shear  end  Bearing 
The  remaining  tensile,  compressive,  sheer  and  bearing 
tests  were  completed  during  the  quarter.  Ihe  results  of  all  the 
tests  are  summarized  in  Ifebles  I  through  IV.  Ihe  tensile 
properties  of  each  sample  exceed  the  specified  minimum  values 
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shown  in  Thble  V.  Ratios  among  the  properties  of  the  individual 
samples  are  shown  in  'Itoble  VI.  These  ratio  values  have  been 
submitted  for  statistical  analyses. 

All  of  the  individual  tensile  and  compressive  stress- 
strain  tests,  including  modulus  determinations,  h=>ve  been  made. 
These  data  are  now  being  analyzed  for  preparation  of  typical  and 
minimum  curves  which  will  be  presented  in  the  final  report; 
average  modulus  values  will  also  be  determined, 

A, 2.  Fracture  Toughness 

Notch-ber.d  fracture  toughness  tests  were  made  of  all 
the  samples  scheduled  for  test.  The  test  results  for  all  but 
twelve  of  the  individual  specimens  tested  are  shown  in  Thble  VII. 
Although  some  of  the  reported  vslues  are  not  strictly  valid  by 
all  the  criteria  of  the  ASTM  Recommended  Method  of  Test  for 
Plane-Strain  Fracture  Toughness  of  Meta] lie  Materials,  most  of 
the  calculated  Kq  values  are  considered  to  be  meaningful  values 
of  Kjc.  As  may  be  noted,  in  most  cases  the  stress  Intensity 
used  in  fatigue  cracking  was  only  slightly  in  excess  of  50  per 
cent  of  the  Kjc  or  the  fatigue  crack  front  deviated  from 
straightness  by  slightly  more  than  5  per  cent.  Retests  are  now 
being  made  in  the  twelve  cases  where  the  values  obtained  in  the 
original  tests  were  Invalid  because  (1)  the  stress  intensity 
used  in  fatigue  cracking  was  definitely  too  high,  (2)  there  was 
excessive  yielding  before  crack  propagation,  or  (5)  because  of 
excessive  crack  front  deviation. 
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A.3.  Axial-Stress  Ftetlgue 

All  of  the  remaining  exisl-atress  fatigue  teats  of 
smooth  long-trensverse  specimens  have  been  completed.  The  data 
for  all  of  the  tests  are  summarized  in  Table  VIII  snd  the  results 
of  the  tests  completed  during  this  quarter  (7075-17252)  are 
plotted  in  Pig.  1. 

In  general,  the  log-mean  fatigue  life  values  of  the 
respective  Uu:J.  forging  alloys  ere  about  the  seme  or  slightly 
higher  than  those  of  extrusions  tested  in  a  previous  contract, 
AP33 (015 )  -5530,  end  slightly  lower  thsn  those  of  plate  tested 
in  previous  contracts  AF33  (t>57)-H155  end  AF33 (615  )-2012. 

B.  Corrosion  Characteristics 
B.l.  Resistance  to  Stress-Corrosion  Cracking 

Stress-corrosion  tests  of  short- transverse  specimens 
from  the  2x8,  3x12  and  5*20-ln.  hand  forgings  were  completed 
during  this  quarter.  Tests  of  longitudinal  and  long-transverse 
specimens  from  these  forgings  are  continuing,  and  have  now  been 
in  progress  for  184  days. 

All  of  the  stress-corrosion  test  specimens  from  the 
■>xl6-ln.  and  8x24-10,  forgings  were  exposed  to  the  3-5#  NaCl 
alternate-immersion  test  during  the  quarter. 

The  current  status  of  stress-corrosion  tests  of  longi¬ 
tudinal  and  long- transverse  specimens  is  given  in  Table  IX,  and 
of  the  short-transverse  specimens  in  Table  X. 

Thus  far,  no  longitudinal  test  specimen  has  failed. 
While  tests  of  she  4  and  6-in.  thick  forgings  have  progressed 
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J'or  only  short  periods,  tes's  of  specimens  from  the  2-ln.  thick 
forgings  neve  nearly  completed  the  182-dey  exposure  without 
failure,  thereby  confirming  the  expected  high  resistance  of  all 
alloy-temper  combinations  in  this  direction. 

Long-transverse  failures  have  occurred  only  with 
2014-T652  and  7079“ T652  specimens  stressed  at  75#  of  the  tensile 
yield  strength.  Representative  l’ailures  were  examined  micro¬ 
scopically  and  the  mode  of  feilure  was  confirmed  as  stress- 
corrosion  cracking. 

lhe  results  of  tests  of  shr  rt- transverse  specimens 
from  the  2,  J>  and  5- in.  thick  forgings  were  considered  in  the 
Fourth  Technical  Management  Report,  and  it  was  observed  that  the 
performance  of  the  2014- 7652  and  7079- T652  materials  was  better 
than  that  typically  seen  for  these  alloys.  rlhe  performance  was 
within  the  bounds  of  existing  stress-corrosion  data  for  the 
alloys,  however,  and  therefore  wasn't  questioned  et  that  time. 
Subsequent  test  results  for  tne  4  and  b-in.  forgings  revealed 
more  typical  performance  (see  following  paragraphs),  however. 
Since  the  2-ln.  thick  forgings  would  be  expected  to  shew  an  even 
greater  susceptibility  to  stress-corrosion  cracking  than  the  4 
and  6-in,  thick  material,  specimens  are  being  obtained  for 
retests  to  verify  the  test  results  for  the  2-in.  thick  2014-T652 
and  7079- T652  forgings. 

Tests  of  short-transverse  specimens  from  the  4-in. 
thick  forgings  have  progressed  for  a  period  of  48  days,  and  the 
results  are  in  agreement  with  expected  performance  of  the 


Fifth  Technical  ffenagement  Report 

MECHANICAL  PROPERTIES,  INCLUDING  FRACTURE  TOUGHNESS  AND  FATIGUE, 
CORROSION  CHARACTERISTICS  AND  FATIGUE- CRACK- PROPAGATION  RATES  OF 

STRESS- RELIEVED  ALUMINUM  ALLOY  HAND  FORGINGS _ 

I.  Introduction, 

The  design  mechanical  properties,  fracture  toughness, 
corrosion  characteristics  and  fatigue- crack  propagation  rates 
are  four  of  the  most  important  factors  involved  In  the  selection 
and  efficient  design  of  aircraft  structures.  Such  dats  are 
needed  for  aluminum  alloy  hand  forgings  for  several  reasons: 

(1)  much  of  the  published  design  data  has  become  obsolete  by  a 
change  in  the  basis  of  specifying  minimum  properties,  from  one 
In  which  the  length,  width  and  chickness  were  considered,  to 
one  where  only  the  thickness  is  involved;  (2)  the  development 
of  a  technique  of  stress  relieval  by  cold  work  In  compression 
has  resulted  In  relatively  new  tempers  (TX52)  for  many  of  the 
alloys;  and  (3)  there  have  been  some  significant  problems  with 
forged  parts  in  recent  years  that  were  related  to  fracture  and 
stress-corrosion  characteristics . 

Accordingly,  the  properties  of  hand  forgings  of 
several  aluminum  alloys  currently  being  used  in  aircraft 
structures  are  being  determined  under  this  contract.  The  tests 
are  Intended  to  provide  statistically  reliable  data  for  deriv¬ 
ing  design  mechanical  properties  for  MHr-HDBK-5A,  including 
stress-strain  and  compressive  tangent-modulus  curves.  In 
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crack  growth  rates  were  determined  from  the  slopes  of  the  crack 
propagation  curves. 

Figs,  6  and  7  show  the  data  for  the  24-in.  long 
specimens  (sharp  notch)  whose  tests  were  started  at  a  maximum 
gross  stress  of  8.2  ksi.  Cracks  were  not  visible  at  all  four 
corners  of  uhe  notch  of  specimen  14  until  the  total  crack  length 
was  beyond  0.5  in.;  specimens  with  this  great  an  eccentricity 
are  excluded  from  the  discussion.  The  humidity  appears  to  have 
affected  the  rate  of  propagation  of  the  specimens  stressed  to 
this  level;  specimens  18  end  20,  which  were  tested  under  the 
most  humid  conditions,  had  the  highest  rates  of  propagation. 

There  does  not  seem  to  be  such  a  correlation  in  Figs.  8  and  9 
for  specimens  initially  stressed  to  12.5  ksi.  Crack  initiation 
was  more  uniform  at  the  higher  stress. 

C.l,  Notch  Shape 

The  crack  growth  data  for  the  specimens  having  the  two 
shapes  of  0.5-in.  long  machined  notches  (Figs.  20  and  21)  are 
presented  in  Figs.  2  and  4  and  the  crack  growth  rates  in  Figs. 

3  and  5.  The  crack  growth  rates  for  the  mild-notched  specimens 
(Fig.  20)  are  generally  within  the  range  of  those  of  the  sharp- 
notched  specimens  (Fig.  21).  Even  eliminating  particularly 
eccentrically-cracked  specimens  such  ss  mild-notch  specimen  No.  4 
from  consideration,  there  was  more  scatter  in  the  results  shown 
for  duplicate  specimens  than  was  shown  for  specimens  having  the 
sharp  notches.  The  fracture  surfaces  of  mild-notched  specimens 
7  and  10,  which  showed  a  large  difference  in  crack  growth  rate. 
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were  visually  different  as  were  those  of  the  adjacent  sharp- 
notched  specimens  8  and  11.  Cross-sections  of  the  surfaces  of 
specimens  7  and  10  are  shown  in  Fig.  23.  Specimen  7  has  a 
directional  or  fibrous  type  structure  in  the  fractured  region 
whereas  the  faster  propagating  specimen  10  shows  a  coarse,  non- 
fibrou3  structure.  These  specimens  were  taken  at  locations 
about  3  in.  apart  from  the  same  central  portion  of  the  cross- 
section. 

The  most  eccentric  cracking  vas  obtained  for  specimens 
having  the  mild  notch.  However,  few  specimens  having  either 
notch  had  as  uniform  crack  initiation  as  desired.  As  reported 
in  the  Fourth  Technical  Management  Report,  crack  initation  W8S 
somewhat  more  uniform  for  7178-T65I  specimens  having  a  thin  elox 
notch.  In  general,  it  does  not  appear  that  the  crack  growth  is 
significantly  different  for  the  specimens  having  mild  or  sharp 
notches . 

C,2,  Specimen  Length 

The  results  for  specimens  tested  to  determine  the 
effect  of  length  of  test  section  are  plotted  in  Figs.  10  through 
13.  At  a  stress  of  8.2  ksi,  the  results  for  the  short  (6- in. ) 
specimens  are  generally  within  the  range  of  the  results  for  the 
long  (24-in.)  ones.  At  a  stress  of  12.5  ksi,  the  rate  of  crack 
growth  of  6-in.  long  specimen  9  was  somewhat  lower  for  cracks 
beyond  1/2  in.  than  those  of  any  of  the  three  24-in.  long 
specimens  having  the  similar  sharp  notches .  However,  propagation 
was  not  as  slow  as  shown  in  Fig.  5  for  specimen  7  having  a  mild 
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notch.  Thus,  it  appears  that  the  short  specimens  will  be  suitable 
for  evaluating  the  crack  propagation  behavior  for  short- 
transverse  specimens. 

C.3.  Change  in  Load 

Pigs,  14  and  15  present  the  data  for  all  specimens  for 
which  loads  were  changed  when  the  crack  length  reached  0.5  in. 
Thus,  in  Fig.  14,  there  is  a  new  zero  cycle  origin  at  a  notch 
plus  crack  length  of  1  in.  (33.3#).  The  crack  growth  rates  of 
specimens  lb  and  19  after  the  reduction  in  load  correlate  well 
with  the  plots  for  their  initial  loading  at  12.5  ksi.  For 
specimen  13,  however,  the  growth  at  this  reduced  load  i3  sub¬ 
stantially  slower  up  to  a  aK  of  about  10.5.  The  crack  growth  of 
this  specimen  during  its  loading  to  12.5  ksi  had  also  been  slower 
than  that  of  any  other  specimen  stressed  to  that  level  so  its 
slow  propagation  at  8.2  ksi  does  not  appear  to  be  a  result  of 
the  higher  loading. 

In  Figs.  16  and  17,  the  crack  propagation  results  for 
the  specimen  whose  gross  stresses  were  reduced  from  12.5  to  8.2 
ksi  after  the  crack  length  reached  0.5  in,  are  compared  with 
the  plots  of  specimens  tested  entirely  at  8.2  ksi.  Although  it 
is  not  shown,  a  "rest "  period  of  no  propagation  occurs  when  the 
load  is  reduced.  When  propagation  resumed,  crack  growth  was 
slower  for  specimen  13  and  faster  for  specimen  19  than  was  found 
for  any  specimens  tested  entirely  at  8.2  ksi.  However,  the 
general  slopes  for  the  era ok  growth  rate  plots  are  similar  for 
the  two  methods  of  test. 
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Figs.  l8  nnd  19  show  the  results  of  the  tests  in  which 
the  crocks  were  developed  to  0.5  in.  at  8.2  ksi  and  then  propa¬ 
gated  to  failure  at  12.5  ksi.  Generally,  the  propagation  at  the 
low  stress  does  not  appear  to  have  affected  the  rate  of  propaga-  . 
tion  at  the  higher  stress. 

The  data  indicate  that  the  test  loads  can  he  raised 
or  lowered  between  the  levels  of  8.2  end  12.5  without  significantly 
affecting  subsequent  propagation.  The  reduction  in  load  procedure 
would  appear  to  be  more  practical  than  the  increase  in  load. 
However,  for  the  method  to  be  worthwhile,  it  is  necessary  that 
it  be  possible  to  extrapolate  the  rote  of  crack  growth  to  lower 
or  higher  values  of  a  K.  Judging  from  the  data  for  specimens 

« 

tested  entirely  at  one  lord  level,  extrapolation  of  the  data 
would  not  be  reliable.  This  may  be  c  result  of  the  eccentric 
crocking.  If  the  revised  test  method  described  below  does 
produce  uniform  crocking,  some  specimens  of  the  other  alloys  may 
be  tested  using  a  reduction  of  load  method. 

Tests  of  specimens  of  alloys  2024-1052  end  7079- 1652 
have  been  started.  In  order  to  obtain  more  uniform  crocking  than 
was  found  for  the  2014-T652  specimens,  cracks  are  being  initiated 
at  the  ends  of  a  0.20-in.  long  elox  notch  (Fig.  22)  using  a  load 
cycle  of  0  to  12.5  ksi  gross  stress.  "When  cracks  are  visible  et 
all  four  corners  of  the  notch  the  load  is  adjusted  to  the 
desired  level  and  the  crack  propagated  to  0.5  in.  The  test  is 
considered  to  start  at  this  point.  For  the  first  two  specimens, 
this  has  produced  uniform  crock  lengths. 
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V,  Summary. 

All  of  the  tensile,  compressive,  sheer  end  bee ring 
tests  have  now  been  completed  and  the  test  results  ere  shown  in 
Tables  I  through  IV.  The  tensile  properties  of  the  samples 
meet  the  applicable  minimum- property  requirements  shown  in 
Table  V.  Ihe  ratios  among  the  properties  are  summarized  in 
Table  VI;  they  have  been  submitted  for  statistical  analyses. 

All  of  the  tensile  and  compressive  stress-strain  tests, 
including  modulus  determinations,  have  been  made.  Ihe  test  data 
are  being  computed  and  analyzed. 

Notch-bend  fracture-toughness  tests  were  made  of  all 
the  samples  scheduled  for  test.  'Ihe  results  of  the  individual 
tests  are  presented  in  Table  VII  for  all  but  four  groups  of 
specimens  whose  Kjc  values  were  considered  invalid  for  reasons 
related  to  unsatisfactory  precracking  of  the  specimens;  re¬ 
tests  are  now  in  progress. 

Ihe  remaining  axial-stress  fatigue  tests  were 
completed.  The  results  of  the  tests  are  shown  In  Table  VIII 
and  plotted  in  Fig.  1. 

The  current  status  of  stress -corrosion  tests  is  given 
In  Tables  IX  and  X.  Some  disparity  was  noted  in  the  performance 
of  2014-T652  and  7079- T652  forgings,  with  the  4  ana  6- in.  thick 
forgings  showing  a  greater  (but  still  typical)  susceptibility  to 
stress-corrosion  cracking  than  the  2-in.  forgings.  Specimens 
are  being  obtained  for  retests  to  verify  the  performance  of  the 
2-in.  forgings.  The  performance  of  the  2024-1852  and  7075-T7352 
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forgings  has  generally  been  typical  of  that  expected  for  these 
alloy- temper  combinations. 

The  fatigue-crack  propagation  tests  of  the  2014-T652 
specimens  have  been  completed.  The  tests  (long- transverse 
specimens)  shoved  that  (1)  the  use  of  a  sharper  notch  tnan  was 
used  in  previous  investigations  did  not  appear  to  alter  the 
crack  propagation  behavior  significantly,  (2)  the  6- in.  long 
specimens  (which  will  be  used  for  short-transverse  tests  of 
2024-T852  and  7075" T7352)  gave  essentially  the  same  rates  of 
propagation  as  the  24-in.  long  specimens,  and  (5)  when  the  load 
was  changed,  the  rate  of  propagation  was  not  affected  by  the 
previous  loading. 

Crack  propagation  tests  of  2024-T852  and  7079-7652 
specimens  have  been  initiated.  Use  of  a  0.20 -in.  long  elox 
notch  instead  of  a  0.50- in.  machined  notch  end  crack  initiation 
at  a  higher  stress  have  produced  more  uniform  cracking  in  the 
first  several  specimens.  The  7075-17552  specimens  are  also 
being  elox  notched. 
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•  Duplicate  unstressed  specimens  were  also  exposed  Ln  each  Instance. 

+  P/N  denotes  number  of  specimens  failed  over  number  exposed. 

¥  Specimens  failed  outside  the  reduced  section,  beneath  the  protective  coating 
used  to  Isolate  all  parts  of  the  stressing  frame. 

4  Forging  ‘.c  be  re-tested  to  confirm  anomalous  results. 
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